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A longstanding problem with respect to terpenoid biosynthesis is the question from where plastids get the precursors of carotenoid biosynthesis (acetate and mevalonate) and how this pathway is regulated.
For photosynthetically active tissue, Britton (4) suggested that there is a compartmentalization of terpenoid biosynthesis by a mechanism regulating the formation of different classes of terpenoids. This might involve enzyme segregation and specific membrane permeabilities to possible precursors.
As derived from studies with lettuce, oats, barley, and maize, there is an incorporation of [2-14C] MVA2 into the extraplastidic terpenoids such as squalene, sterols, and ubiquinone, whereas very little label is recovered in the chloroplast pigments, e.g. carotenoids, phytol, plastoquinones (8) . The situation is reversed when the seedlings are grown in the presence of 14CO2 Thus, the biosynthesis of a particular group of terpenoids in photosynthetically active tissue can occur only at one site; sterols, squalene, and ubiquinone are synthesized outside, carotenoids inside the plastid.
The question remains about the regulation of terpenoid biosynthesis in tissues, where CO2 cannot be used for terpenoid biosynthesis within plastids. This problem arises when the development of chloroplasts or the transformation of chloroplasts to chromoplasts is studied, i.e. when the photosynthetic CO2 fixation is not yet or no longer possible. Wellburn and Hampp (17) have shown that the envelope membranes of early etiochloroplast stages of Avena are perme-able to extraplastidic MVA and acetate, whereas there is an increasing impermeability to both metabolites during greening. Similar results were obtained using autoradiography at the level of electron microscopy (7).
Little work was done on chloroplast-chromoplast transformation, as well as on chromoplasts, with respect to the permeability of the envelope membranes to precursors of carotenoid biosynthesis. Only for chromoplasts the incorporation of [2-14C] MVA into carotenes was shown with whole tomato fruits (1) .
In this paper we present a contribution to the understanding of the compartmentalization of carotenoid biosynthesis during the transformation of chloroplasts to chromoplasts in Capsicum annuum. We investigated the possibility of the existence of a different membrane permeability to precursors of carotenoid biosynthesis during the process of transformation. Three possible precursors were applied: (a) mevalonate: shown to be a direct precursor for carotenoids (3, 9) U.K.), and centrifuged for S min at 1,000g. The pellet was resuspended in 4 ml of isolation medium and applied to a Sephadex G-50 column as described earlier (10) . Only the first two fractions of the plastid eluate (8 ml) were taken from the column for each experiment. Contamination by mitochondria was routinely tested by Cyt c reductase assay (16) and was less than 5%. All procedures were carried out at temperatures ranging from 0 to 4 C.
Measurement of Penetration of Labeled Compounds Across the Plastid Envelopes. All incubations were run on ice, using isolation medium. To 1 ml of plastid suspension, corresponding CHLOROPLAST-CHROMOpLAST TRANSFORMATION labeled compounds across the plastid envelopes in 1 min was measured by the silicone oil filtration method as described earlier (10 (17) showed that the envelope membranes of early etiochloroplasts are permeable to MVA. This was followed by a progressive impermeability to MVA and acetate during the later stages of greening.
It is of interest to-compare our results with recent ones concerning the biosynthesis of MVA. Brooker and Russel (5, 6) demonstrated the reduction of HMG-CoA, forming MVA, with cell fractions of Pisum seedlings. Differential centrifugation studies showed that the microsomal fraction contained 80% of the total cellular activity of HMG-CoA reductase, whereas the mitochondrial and plastid fractions each contained about 10%. Of particular interest in this study is the more than 2-fold increase in microsomal HMG-CoA reductase activity in etiolated seedlings, compared to green ones. The authors suggested that this large increase may be related to the changes in growth and development, which are initiated when etiolated seedlings are exposed to light. In contrast, there was no comparable change in mitochondrial and plastidic HMG-CoA reductase associated with greening. This could implicate that during chloroplast development the observed changes in envelope permeability to MVA (17) are closely related to a possible import of MVA from an eventually elevated pool within the microsomal fraction.
If this suggestion is a feature common to transformational stages of plastids, similar changes in microsomal HMG-CoA reductase activity should occur during the chloroplast-chromoplast transformation. To confirm this, further work has to deal with the following questions. During the process of transformation of chloroplasts to chromoplasts is there (a) an increased activity of HMG-CoA reductase; (b) an elevated pool of MVA; (c) an incorporation of extraplastidic MVA into carotenoids inside the plastid? LITERATURE CITED
